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MELAMINE BARBITURATE CRYSTAL TWINNING  
AS A FUNCTION OF TEMPERATURE 
 
Supramolecular assemblies are the intermediate stage between biological and 
chemical systems. Their structure consists of compounds held together by the hydro-
gen bonding like DNA, but they are more predictable like common chemical mole-
cules [1].  
Most of the supramolecular assemblies provide host-function for incapsulated 
molecules. One supposed that oxygen radicals also turn into guest-molecules in some 
cases like melamine barbiturate [2]. Melamine links barbituric acid into a rosette by 
distributed hydrogen bonding, and thin two-dimensional layers are bind by hydro-
phobic bonds. The layers are hexagonal which every molecule has a triple hydrogen 
bond in. Excluding these two bonding types there are also planes linked by electro-
static bonds.   
Thus, melamine barbiturate is extremely stable in wild range of pH and has 
highly crystallinity about 88 % to 90 % due to the synthetic method [3]. The assem-
bly stability is in dependance on the protonation/deprotonation of the individual com-
pound. Therefore, in case of barbituric acid deprotonation process melamine barbitu-
rate disassembles.  
Melamine barbiturate crystals have highly specific morphology. The assembly 
forms 8-pointed star-shaped aggregates that are polycrystalline (Fig. 1A). 
 
                                                 




Fig. 1. A – Melamine barbiturate from water solution; B – particles achieved by 
diffusion-controlled formation process  
 
The particles size is in range from 20 μm to 100 μm, and no cleavage is ob-
served. A synthesis method does not affect the edges of the particles that are con-
stantly smooth but has a high impact in case of a monocrystal formation (Fig. 2B).  
There is no additional melamine or barbituric acid molecules restructuration 
before reaction starts. Thus, the reaction has neither kinetics no thermodynamic limi-
tation at all. After the nucleating seed appears, the reaction is limited only by diffu-
sion process of individual components to the seed surface. 
In case of diffusion-controlled formation process there is a weak twinning ef-
fect. The synthetic scheme requires a mixing absence to decrease components diffu-
sion rate.  
One observed that there is a difference in the twinning effect in due to for-
mation process temperature. The defect intensity enhances dependently on the tem-
perature increasing (Fig. 2 A-I). This is reasonable due to the extended component 
diffusion to the nucleating seed surface. Thereafter, crystals form pronouncedly faster 





Fig. 2. Melamine barbiturate particle morphology in dependance on the formation 
temperature (A – 5 °C, B – 10 °C, I – 45 °C); K – size distribution as a temperature 
function  
 
For the supramolecular assemblies there is no high reaction heat effect ob-
served before due to the almost low binding energies, although the temperature im-
pacts. The nucleation process is in accordance with Arrhenius equation, so the heat 
motion provides higher diffusion rate.   
The twinning intensity is supposed to be in dependance on real concentration 
and the equilibrium concentration ratio in the specific formation point [4]. Accord-
ingly, the nucleation point provides the highest concentration, thus there is the twin-
ning effect only in the center of the aggregate at the low temperatures. The tempera-
ture increasing leads to the multiple twinning effect on the crystal tails due to the dif-
fusion enhancement of the components.  
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It was also shown that the size of aggregates of melamine barbiturate depends 
on the temperature also. The obtained correlation function has a minimum at the tem-
perature about 36‒38 °C (Fig. 2J). 
Literature 
1. Whitesides G. M., Mathias J. P., Seto C. T. Molecular Self-Assembly and 
Nanochemistry: A Chemical Strategy for the Synthesis of Nanostructures // Science. 
– 1991. – V. 254 (5036). – P. 1312‒1319. DOI: 10.1126/science.1962191 
2. Radical Activity of Binary Melamine-Based Hydrogen-Bonded Self-
Assemblies / V. V. Shilovskikh, A. A. Timralieva, E. V. Belogub et al // Appl. Magn. 
Reson. – 2020. – V. 51. – P. 939–949. DOI: 10.1007/s00723-020-01254-6 
3. Melamine–Barbiturate Supramolecular Assembly as a pH Dependent  
Organic Radical Trap Material / V. V. Shilovskikh, A. A. Timralieva, P. V. Nesterov 
et al. // Chem. Eur. J. – 2020. – V. 26(70). – 16603–16610. DOI: 
10.1002/chem.202002947 
4. Strong crystal size effect on deformation twinning / Q. Yu, Z. W. Shan, J. Li 
et al. // Nature. – 2010. – V. 463(7279). – P. 335–338. DOI:10.1038/nature08692 
 
This work is supported by the Ministry of Science and Higher Education of the 
Russian Federation, goszadanie no. 2019-1075. 
 
